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METHODS OE RECORDIL'G- RAPID WliTD CHAiTGSS* 
By A, Llagnan 



The purpose of our research was to determine the rap- 
id changes of air currents which impose varying stresses 
on the wings of an airplane. We attempted to express in 
figures the turhulence of the air, which perhaps plays 
some role in the tehavior of airplanes in flight, as well 
as in the realization of certain methods of gliding flig.it 
This is the reason which has led us to conceive and devel- 
op the experimental equipment descrilDed herein. 

H0T-I7IRE ANEMOMETER 



A hot-wire anemometer includes a platinum wire F 
(fig, 1), a "battery B;^. supplying the heating current, 
and an ammeter G, with shunt S, for recording this 
current. The wind "blowing against the red-hot wire, cools 
it, as a result of which the intensity of the current is 
increased. The curve in Eigure 2 represents the intensi- 
ty variation in the wire under these conditions and proves 
that the sensitivity of such apparatus drops at such a 
rate as to 'be practically useless a"bove a 5 m/s velocity. 

To overcome this oh j e ct i onahl e feature, we added a 
compensating "battery Bg and a resistance R (fig« l) , 
hy means of which the shunt current can "be eliminated when 
there is no wind. On top of that, this shunt, instead, of 
having an invarialDle resistance is, on the contrary, a 
wire sheltered from the wind, and whose resistance in- 
creases considerably Y/ith the cirrent passing through it. 
Under these conditions the readings on the instrument are, 
as seen in Figure 3, fairly proportional to the velocity 
of the air current. 



* "Methodes de mesure des variations rapides du vent."^^ 
Jahrhuch No. 4 (1929) des For schungs-Insti tutes der Rhon- 
Rossitten^-Gesellschaf t , pp. 92-100. Lecture delivered at 
the First Scientific G-lider Session, 
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?ig-arGS 4 and 5 ill-astrato a hot-"wiro anoriometor of 
our own dosign, Tho hot wire is moiintod to a support at 
the end of a tuho (fig. 4) ar-d connectod "by wires to a 
control panel, on which rheostats R, voltmeter V, am- 
meter A, milliammet er ivIA, and coiamutator s are grouped. 
For ordinary wind studies the platinum wire is protected 
"by a wire-mesh hood which reduces tho velocity of the wind 
to ahout half, (Fig. 5.) The device may "bo given any 
desired sensitivity by appropriate size oi mesh. 

The wind velocity can he read on the voltmeter V or 
else recorded by oscillograph. The period of this oscil- 
lograph is short, the moving part is an iron plate orien- 
tated by a fixed magnetic field and deflected more or less 
from equilibrium by a transverse field produced by the 
current to be measured. 

In the experimental study of this anemometer we want- 
ed to ascertain whether it would be sensitive enough to 
react to very rapid air pulsations. To this end we placed 
a hot wire inside of an acoustic pipe vibrated by com- 
pressed air. Using a lens, we obtained an image of the 
anemometric wire on a photographic film. In spite of the 
small variation in velocity, the wire is subject to tem- 
perature changes leaving, a clear record on the film, from 
which the period of vibration of the acoustic pipe could 
be defined, {Tig. V.) We also placed in this same pipe 
the hot wire of an anemometer, and the oscillogra,m re- 
vealed a record which brings out the irregularities of the 
air pulsations in the pipe, (Fig. 8.) 

The hot-wire anemometer is an instr\imont of compari- 
son which must be calibrated by the agency oi absolute 
aerodynamic measurements. Heretofore, wo were contented 
with calibrations effected in a small wind tunnel and in 
the Siffel and in the I s sy-le s-l.loulineaux wind tunnels, 
whose different velocities had been determined by static 
pressiire or Fitot tube measurements. The aspect of the 
experimental curve, obtained in the Eiffel tunnel and 
plotted with the speed of the air current (in meters per 
second) as ab sci s sa;:: and the difference in potential at 
the shunt terminals as ordinatos, presentn a scale that 
is vory sensibly proportional by virtue of an expedient 
control of the shunt properties: length, diameter, and 
air density in which we placed it, the shunt being housed 
in a kind of lamp. 
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DIRECTIOIT IITDICATOH .•^ITiI TWO HOT TfllRES 

In wind studies it is necessary to ]cnow, aside from 
the velocity, its instantaneous direction, hence a direc- 
tion instrument of approximately the same period as the 
speed indicator is needed. Our aim was to use the hot 
wires also for recording the oscillations of the air cur- 
rent and with that in mind we developed a simple direction 
indicator by placing two hot wires symmetrical to one an- 
other in a plane passing through the axis of a cylinder 
and parallel to this axis. ('Fig. 9.) These two wires 
and ' forming two leads of a V;heatstono hridgo, con- 
pleto^'with two resistances R^^ end Ro and an amperemeter 
or galvanometer &, the circuit shown in Figure 10. A 
set of storage "batteries E febds the bridge at constant 
tensiono The bridge being balanced in still air and the 
wires being brought to incande :)cence when the wind blows 
in a direction parallel to the plane of symmetry of the 
apparatus, the two wires are cooled at the same rate and 
the current remains the same in each; then the galvanom- 
eter records no deflection, TThen the v/ind is from the 
right, one wire cools off more than the other, resulting 
in a current in the galvanometer which causes it to de- 
flect, V/hen the wind blows from the left the galvanome- 
ter deflects in the inverse sense. In this m.anner the 
ar.ount of current which passes through the bridge as re- 
sult of the variations in resistance of the hot wires can 
be utilized for indicating the b:.ope of the wind to tho^ 
plane of symmetry of the instrument. Lioreover, appropri- 
ate choice of the constants of the instrument mahes it 
possible to render the current which passes through the 
galvanometer proportionate to this slope. 

In a direction indicator the hot wires, fastened on 
a cylinder parallel to its generatrices, are connected by 
wires to a control panel which contains resistances R, 
ammeters for reading the intensity in the hot wires, and 
milliamm.et er 1/IA graduated with the zero in the center 
of the dial and deflecting in one or the other direction 
according to the direction of the current which passes 
through the transverse arm of the bridgeo 

The wind direction can be read on the milliammetor 
MA or may be recorded by an oS':.Lllograph vThich does not 
differ from that of the velocitv except for the lower re- 
sistance of the coil and the median position of its zero. 
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Such a direct! on instrument is of no practical \ise 
unless its readings a.re a function only of the wind direc- 
tion and not of "both direction and velocityo Regardless 
of \yhat one may think, our experience has "been that the 
calibration of 'our instrument was practi cal ly "independent 
of the velocity within very wide limitso The first tests 
wore "carried throu.'^h in our own small wind tunnel up to 
20 m/s; up to this velocity the operation was correct. In 
the larcTO tunnel at I ssy-les-Moiilineaux, where the velocity 
was raised to 45 m/s, the calibration a^sain maintained 
.sensibly the same figure, 

CONVERTERS 

Another instrument developed by us is called a con- 
verter. It permits a simiiltaneous record of the intensity 
of a variable current and the derivative of thi s' intensi- 
ty with respect to times, The principle of this instrument 
is as follows: • ^ .. • • • 

A'liot-wire instrument produces a current whose inten- 
sity i or electromotive force o is proportional to the 
quantity to be measured, ioG,, velocity and inclina- 

tion a, or orientation p, of the wind. A first frame 
of galvanometer I is placed in a magnetic field. (^'ig. 
11 o) This frame I :^ives the measure of i or of o as 
function of the time, for example, by means of a spot, and 
records these angul al^' di splacement s on a photographic film 
in uniform motiono A second frr^me II, solidly fastened 
to frame I, and in the same magnetic field, yields an in- 
duced electromotive force proportional to di/dt or 
de/dt, because its angular movement is proportional to i 
or to e. Lastly, a third frame III, disposed in another 
ma'^;netic field measures the current produced by this eloc- 
tromotivo force in a circuit wherein only the ohm resist- 
ance' is considered, the reaction of the small on the large 
frame being negligibleo The instrument consists of two 
electromagnets - one large, the other small - one carry- 
ing three large frames, the other, three small frames. 
All these frames are placed in the air gap of pole pieces, 
each with three cogs* The large electromagnet consumes 
about 25 wa.tts and gives a field of about 4,500 gauss, 
the small one consumes 12 watts a:-„d supplies a field of 
about 5,000 gauss. 

The largest of the electromagnets carries the three 
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frames with double winding — ' one for studying the wind ve- 
locity, the other two-, its .inclination and orientation. 
The resistances of the windings are a.pproximat ely lo) for 
all frames II, 30 oo for fraues I of . the direction instru- 
ment, and 250 <^ for frame I of the velocity indicator; 
that of the small frames is 1 ohm. 



HOBILS^ LABORATORY 

Since a compari-son of the variations in velocity and 

in direction, produced at a ^iven instant in the -same wind, 

•seemed mandators'', we attempted to record velocity and di- 
rection on the- same film. ••• 

To this end we fdtted a laboratory truck with a table 
and a special control paiiei-. ••(See-figo 12c) • The table 
holds the film roller m-jchaLnism with its electric-, motor and 
a lamp for f oirming- lumincu's itoage's o' • "This film roller mech- 
:^nism is equipped -for- 'automatic* '"d4=:ve-loping and flxingo It 
includes a nu'dgazine "wi'th phot ogr axillae paper of S cm width, 
'Ground which is di:-pos^3d a series of rollers which feed the 
sensitive film In-front- of the wihddw or spots in the os- 
cillograph and where an ♦image -i s produced , -.over a roller 
i:-ipregnat ed with devel'Oper, then o'ver the roller impreg- 
nated with a fixing • agent o '•Anocher roller finally ejects 
tiie developed and "flxr.^d f ilm'.-^ 'Th36e rollers - are rendered 
solid by an eiidles'j" chain driven" from an electric motor, 
A secoiid table ca:.-''rl'e'ci a wind tuj^inel for calibrating the 
instrumt^nt s 3 LaL^ol y-;!' a "'che hc;"a-ci the storage batteries 
for operating the hot-wire instrtLuont s arid ■ a. "Hcmelite" 
char.;:?:er seto 

EXPLOHATIOil OIT SPEED AilD DIRECTIOK 0? WIND • 



^e have used these instruments from. 1922 to 1929 for 
exploring the structure of the natural wind. Our chief 
aim was to gain information in a mar i time . r egi on , especial- 
ly-, such as'- the low and flat island of Ee' afforded, . At. 
the beach of la Coiiarde we erected a mast about l^ m (35 
ft.) high in the sand, so that the wa->ie£. washed about its 
base. A carriage ca.riyfi n'g' •I'he ' ho t -wir e in s t.riim-ent s per- 
mitted any 'desir-ed' hei-:;litr.- 3'irs^. of. all i t ' wa-s ' desirable 
to compare the sensitivity of tht-; employed oscillographs. 
To this end we carried the current, supplied by one direc- 
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tion indicator with two hot wires placed 10 m (32 ft.) 
above the ground, simul taneoiisly in two oscillographs and 
simultaneously recorded the variation in inclination of an 
east wind on one film, Figure 13 shows that the obtained 
records are identical. 

Then we analyzed the interference of the instruments 
on each other. Tie placed two inclination indicators, 42 
cm apart, 10 meters above the ground. The experiment 
proved t>.e interference to be small, although the discrep- 
ancies manifested in the record do not permit a definite 
conclusion as a result of the spacing. On the other hand, 
the record in Figure 14, obtained by placing the two indi- 
cators 9 cm apart and at tho same height as before (10 m.) , 
readily shows the parallelism of tho curves, but it also 
rovca^ls tha.t the spacing of these records is no longer 
the same as tho spacing of tho zeros. Tho examination of 
these records and of the disposition of the instrument re- 
veals that the interference hero produces the same result 
as if the upper inclination instrument had encountered an 
up-wind, and the lower one, a down-wind; it indicates an 
increase in velocity between the two cylinders. 

At .the isle of wo rocordod the instantaneous ve- 
locity of winds of divers origins. Thus, Figure 15 shows 
the physiognomy of a sea breeze whose most significant va- 
riations did not exceed a third of the mean velocity, Fig- 
ure 16, in contrast, is a record of a land breeze from the 
northeast, taken 10 meters above the ground. Here the am- 
plitude of the variations of the velocity is much greater 
than on the preceding film, the latter exceeding at times 
0 to 14 m/s within less than 2 seconds. 

T7e also had occasion to study a windstorm from begin- 
ning to end. (Figo 17.) During the storm, abrupt changes 
in velocity of 7 m/s within l/5 of a second wore common, 
at tho same time as the inclination presented oscillations 
of groat amplitude at this point. 

"Then the storm died down the velocity, which still 
Puveraged 10 m/s, rcassumod a regular form as is often the 
case, and the inclination no longer revealed significant 
change s • 

The study of the variations in velocity and inclina- 
tion of the wind with the altitude, has confirmed our pre- 
vious results and proves that the velocity increases with 
the altitude, althoxigh the amplitude of its variations 
diminishes at the same. time as the amplitude of the oscil- 
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lations of the inclination' dec'reasos .with the height. . 
(?igs. 18 and >19c) Vre further verified -that in soa hreezes 
the velocity at 10 meters altitude is al^iost constant for 
several seconds, ' (ITigs, 20^ and 21 o) 



PEEIODICITY 05^ ^lilD 



An analysis of the wind-vel.o ci ty curves froo various 
sources •• reveal s a more or less .distinct periodicity. Even 
if thi s"- per iodici ty "doe s not actually e^iist in the strict 
sense of the word, it seems as if. ordinary winds contain 
disturhances, the length of \^rhich is consi st ently the sa:.e. 
Exanination of the records (figs, 22 and 23) reveals at 
first glance smaller disturbances inside of larger disturb- 
ances, and of a certain periodic recurrenceo On the other 
hand, if one considers the recorded mean velocity of the 
wind witli the duration of its di sturhances which appear 
most regular, it will he noted that the product of these 
two quantities - a product which represents the length of 
the disturbance (which is the wave length if the phenom- 
enon was periodic ) - has an- almo st constant value of 
about '3?5 meters, according to the appended tabulation: 



Place 


Direct i on 


Vm 




P 




A 




Plains of Crau 


north 


9 


n/s 


41 


s 


369 


m 




(1 


6.20 


It 


60 


M 


372 


II 


Shore of Havre 


southeast 


3o80 


It 


103 


II 


391 


It 




If 


4a20 ■ 


II 


93 


II ■ 


390 


II 


Paris 


west 


7 


11 


55 


It 


385 


II 


Shore of Sables 


southeast 


& 


It 


7.7 


It 


385 


II 


Mount Ventoux 


north 


8 


n 


48 


ir 


384 


II 


Oce^..: (Coiiquet) 


we s t- 

southwe st 


■ 8 


ri 


47 


II 


375 


If 



The greater the velocity the shorter the period, and 
the whole seems to proceed as if there were slices of air 
of . stat ed 1 ength and. as if the s 1 i ce s separ at od • wi th a 
more or less great mean velocity. If this 1 s • the" case", ' 
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then the slices of the air in notion would 'have a. constant 
length independent of the force of the wind,- 

A record of the velocity obtained at 300 n (985 ft,) 
revealed nuch {greater oscillations with a duration of 150 
seconds, 

When one considers the nean velocity, which is 15 n/s 
with'this 150 seconds^ duration, the product is 2,250 me- 
ters, .that is, to so,y, six tines the 375-i.:eter wave length 
established .for the winds studied . near the ground. It is 
seen that the large disturbances consist of a succession 
of snaller disturbances, soi:.e of which have a duration of 
ardund 25 seconds, and a. wave length of about 375 neters, 

What conclusions can 'be drawn therefron? Docs it not 
prove the. existence of an undulatory periodic notion in 
th© atnosphero sinilar to that ' ob served on the ocean? Is 
it not proof of 'the existence of aerial swells or billows? 

Mr, Portailt has posed the question and ho has dcnon- 
stratcd i t s . significance , which he v/ill try to settle fron 
the point of "view of aviation, in a relative study of the 
undu.latory movements of the atmosphere and in their effect 
on air err- ft . 

THURMAL WINDS 



■ T7e likewise attempted to study the wind, structure 
rendered upward by the heating of the ground in desert 
countries. These experiments were made in the Medenine 
region, in the southern part of Tunis, T7e used a pipe 10 
meters long as mast, and three guy wires. The hot-wir,e 
instruments were mounted in a laboratory trunk. The op- 
eration in practically zero wind and by an. atmospheric 
temperature erf 27^ in clear weather, resulted in the rec- 
ords given' in Figures 24 and 25, The outstanding feature, 
when examining these records, is that the air current stud 
ied 10 meters above the ground i s . i.n its aggregate dis- 
tinctly i^pward with an average of from 6 to 7^. It like- 
wise appears that this air current is more disturbed at 
10 meters than at 1 meter above the ground. This agita- 
• tion may be explained by the. passage of . a series of eddies 
with vertical .axes, similar to those observed .on the des- 
ert sand, and which move in. the direction of the wind when 
it exists simultaneously with a horizontal air current. 
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MSASURSMSIJT OP ACC3LIIRATI OlIS AITD 
Al^aULAR VSLOCITIES OF TZS wIlTD 



By this use of the instruments, we wore a"ble to "be- 
{^'in the dot orninat ion of the accolorations and angular 
velocities which are encountered in the wind. 

Here is a simultaneous record (fig^ 26) of the varia- 
tions in inclination of a 10-12 m/s north-northwest wind, 
ta".:en 5 meters atove the ground at I/iarignane. The maxima 
observed here are -f-27o5° and -30^. At the top is the 
record of the angular velocities furnished "by the convert- 
er. The maxinum here is 200^ per second, whereas the an- 
gular velocity, shows 53^ per socondc It will ho noted 
that this velocity changes from -108^/s + 96^/s - 120° /s 
and -M00°/s, within l/S of a second. 

Figure 27 is of interest in so far as it contains a 
simultaneous record of velocity and inclination of a light 
north-northwest hreeze taken at 30 m (lOO ft^) altitude. 

The velocity seems regular enough, whereag the incli- 
nation rdyeals variations not exceeding 7 to 8 in ampli- 
tudor Also, the curves of the accelerations and of the 
angular velocities themselves are not very uneven. As to 
the acceleration, the maximum does not exceed 8 m/s^, the 
average being 3 m/s^. The maxinum angular velocity is 
90-^ per second, and the average, 25° per secondo 

.. As- a result of our experiments, it may "bo stated that 
the accelerations of a windstorm coming from the sea, are 
not much more significant than those of a wind having 
m.oved with friction over the ground and having a velocity 
of no more than 3 to 5 m/s. .The remarks which can he made 
about the inclination here , are of the same order as those 
cited proviouslyc Thus, a sea breeze recorded at 10 m 
(.53 ft,) above the ground, presents the lowest angular 
velocity, whor*oas the terrestrial \7inds manifest all ampli 
tu.des of inclination and angular velocitieSo 
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HEASURSI.I3ITT 0? TUR3ULE:TCB 



:3y virtue of these studies of angular velocity, we 
have "been able to take up the measurement of the turcu- 
lenco of the airo 

With a given air mass, at rest or a,nimated "by an a-^- 
gregate moti-on of uniform translation 7, we consider as 
turbulence all supplementary motion with variable velocity 
in size or direction which is superposed on tlii s transla- 
tiono To an observer carried away by the wind with mean 
velocity, as, for instance, in a free balloon, the notions 
of the air amenable to registration by the anemometers on 
board, constitute the turbulence of this air© 

Obviously, this definition is arbitrary, since it de- 
pends upon the choice of instruments used to record the 
characteristics of the windo V/itn sensitive equipment 
that can be readily balanced, such as ours, the discerni- 
ble turbulence is certainly much smaller, in general, than 
that which can have any appreciable effect on an airplane 
or even on a bird. In our previous studies wo used wind- 
speed and wind-direction recorders. The instruments wore 
grouped at a point Oy and wo recorded on an endless 
film the values of the velocity W of this wind, its in- 
clination a, and its orientation p, with respect to 
the mean track of the wind. 

During the duration of a record, the wind has a m.oan 
velocity V, defined in magnitude and direction. If y/e 
arrange for each instant wind velocity TI and the mo.?.n 
V, we obtain a vector u that represents, for each in- 
stant, the turbulence of the air mass passing the instru- 
ments located at point 0, (Fig. 28.) In addition, wo 
have shown in the preceding sections the motion, which is 
represented by this vector u, to spread more or less 
with the air mass for some time, becoming more or less 
distorted in the manner of a sound wave in the air. It 
is, then, possible from the graphs of an anenometric strip 
that carries the records of the speed, the direction and 
inclination of the wind a,t a point 0, records obtained 
between intervals T and T + t, to demonstrate at least 
approximcat ely , what the value of vector u amounted to at 
each instant of time interval t along the lino of the 
current that passes through the point 0. 
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The motion of t\irbulence u "being assuned nearly 
constant, fron the siiccession of me asur eoen t s of u ef- 
fected at 0 within T and T + t, it was deduced that 
the distribution of tiirbulence in the atmosphere was sim- 
ilar to that figured at (a) interval T, and transferred 
as indicated in the figure; (h) similar to interval T -1- 
t. (?ig. 28,) 

Grouping' of the vectors u along the divers lines 
cf the po,rallel current, made it possible to characterize 
the turbulence of any air mass in motion. 

In conformity with the foregoing, the anemometric 
films containing for each instant of Y, a and permit 
us to give the geogreiphic distribution for intervals be- 
tween T and T -f t of the turbulence along the line of 
the air current. 

The equations of interest for the equilibrium in 
birds or airplanes, include the acceleration and angula-r 
velocity of the relative wind, quantities which can be de- 
duced from the data, for each instant, of the speed and 
inclination of the wind, but in doing so, direct measure- 
ments are absolutely essentia.1 if the operations of tedi- 
ous derivations are to be avoided^ In principle, there 
is no difficulty in effecting their measurement in an air- 
pl'ine by the same uethois which we er.ployed on the ground, 
consisting of deriving electrically the current, rendered 
proportionate either to the speed or to the inclination 
(or orientation of the wind) « The a-dded stresses imposed 
by the v/ind on a glider are definitively duo to the accel- 
eration of the turbulence of the aire The importance of 
these stresses can be readily ascertained by constructing 
in magnitude and direction, at each point of the atmos- 
phere, tlic vector which represents the accel or a.t i on of the 
turbulencOo This vector is the geometrical sn.m of the ac- 
d^/ 

coloration -~ =7 of the wind and of the instantaneous 
dt 

variations T7 oo in wind velocity due to its rotation, 
(3^ig. 29.) 

We also measured over a large portion of the curves 
recording the speed, acceleration, inclina,tion and angular 
velocity of the wind at I.larignane, oO meters a«bove the 
ground (figo 27), every 3 mm, the turbulence at various 
instants, as well as the turbulence Coccelerat ion . 
The appended table .3;ives the figures attained by the pre- 
viously described method for a portion of the curve (l sec- 
ond) , 
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then plotted, in ^'igure 30, the actual Vc?..lue of 
resultant F, which represents the vector (acceleration) 
of the turljulence, as well as its direction with re^poct 
t -5 the mean axis of the wind for the time interval hetween 
the fou.rth a.nd fifth second. It is readily seen that the 
value for the turbulence is distinctly different from that 
for its direction during this tine lapse. 'This variation 
"brings out a more or less periodic undulation of the wind 
similar to a sort of aerial "billow, as well as a turbulent 
aspect at certain moments. 

In order to study the motions of the air, and in par- 
ticular, to ascertain whether it would be possible to le- 
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toct tho noarnoss of tlio gro^and from the increase in tur- 
bulence, we developed a test instruuent intended for use 
on the ground and which ^as to enable us to figure direct, 
not the turbulence itself, but rather one component of the 
rotation, that is, the absolute value of the mean angular 
velocity , 

A direction instrument with two hot vrires and ?2 , 

balanced by two resistances and , is operated by a 

battery P» The galvanometer of the bridge is replaced 
by the primary of a transformer T computed for freq-aency 
3c The secondary of the transformer is hooked to a spe- 
cial, long-period, thermal galvanometer G-, operated by 
voltmeter. This galvanometer is of the typo studied for 
hot-v;iro altimeter, Figure 31 sho^s this galvanometer, 
which chiefly consists of a double platinum wire held 
tight by a bronze spiral carried by a shaft mounted on piV' 
ots« On this shaft is also the mirror necessary for the 
photographic record of the indications of the instrument. 
The elongation of the wire under the effect of heating, 
induced b^^ the current in the galvanometer, determines 
the rotation of the mirror<, 

3ut in order to insiiro sufficient sensitivity and du- 
ration of balance, it wcts necessary to protect the o:q:an- 
sibio wire from cooling in tho open air. The instrument 
was housed in a carefully evacua,cod tube. Its sensitivity 
was grca.tly enhanced a.nd its period of balance considera- 
bly iorolongedo Tho record is a mean value of tho angular 
velocity of the wind, a quantity which is a function vary- 
ing in tho s::^.mo sense as the tu.cbulence. The transformer 
employed has a 4 by 4 centimeter iron core, on which' the 
two coils arc wound. The thermal galvanometer has an ap- 
proximate deflection of 125 millimeters per milliampero 
on a scale placed at 1 meter. It is practically insensi- 
tive to vibration or shocks, provided it is mounted on 
rubber. The balancing takes about 6 seconds. 



Translation by J, Vanier, 
ITational Advisory Commit too 
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Figs. 4,5,7,8 





Fig. 4 Anemometric wire 
mounted on "base. 



Pig. 




Anemometric wire 
with cover. 
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Pig. 7 Hot wire anemometer record of periodic 

variations in speed produced by the 
sound waves at the mouth of a sonorous pipe 
vibrated "by compressed air. 




Fig, 8 Oscillograph record of fundamental sound of 
an acoustic pipe, (130 periods per sec.) 
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Jigs. 9,10,11,12 



Fig. 9 
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a, Lamp 

"b, Convcrtor 

c, Film feed roll 



Fig. 12 Side view of truck showing installation. 
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Fi^. 13 Simultaneous records of inclination of an east wind, taken at 
Couarde, Sept. 15 1925 with two oscillographs 1 and 2 receiv- 
ing the same current supplied "by a hot wire indicator, 10 m alDove the 
ground. Film speed 1 sec. = 5 mm^ Scale of inclination 10 mm = 16^ 



^2 o^-^^ A-^^v A<-/-^^^\ r'^^::^/:}. 



Fig. 14 Simultaneous records of inclination of an S IT E wind, obtained 

at Couarde, Sept. 15 1925, with two hot wire indicators, the 
second (2) "being placed 10 m above the ground and 9 cm ahove the other 
(1). Film speed, Isec. =13 mm, Scale of inclination, 10.5 mm=15^. 
q1 and o2 = line of zero inclination of indicators 1 and 2. 



Y= 0 

— :>V=C 

Fi^. 15 Record of the velocity of a Y/ S W wind, ol:'tained at Couarde, 

Sept. 2 1925, the instrument "being placed 2 m ahove ground 
level on water. Film speed, 1 sec. = 6.25 mm. Scale of speed, 2 mm 
per m/s. V =0 = zero speed. 




Fig. 16 Record of the speed of a II E wind, m.ade at Couarde, Se^t. 7 

1925, 10 m ahove the ground. Film speed, 1 sec. = 5 mm'\ 
Scale of speed, 2 mm per m/s. V=0= zero speed. 




Fig. 17 Simultaneous records of speed V and inclination I of a W S W 
wind, taken at the height of a storm. 
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Figs. 18,19,20,21 



v= 0 



Fig. 18 



V= r 



Fig. 19 

Figs. 18. and 19 Simultaneous records of the speed (l) and the inclinar- 

tion (2) of a IT W wind, at Couarde, Sept . 5 1925. In 
Fig. 18 the instraments were placed 5 m, and in Fig. 19, 10 m alcove the 
ground. Film speed, 1 sec. = 7.6 mi.:. Scale of speed, 2 mm per m./s. 
Scale of inclination 1C.5 mm = 16^. V=0=zero speed. 1=0= zero inclina- 
tion. 



2 /I = 0 



.V= 0 




Fig. 21 

Figs. 20 and 21 Film speed, 1 sec. = 17 mm. Simultaneous records of 
speed (1) and inclination (2) of a T/ wind, Couarde, 
Sept. 18 1925. In Fig. 20 the instruments were 5 m, and in Fig. 21 
10 m atove the ground. Scale of speed, 2 mm per m/s. Scale of incli- 
nation 10.5 mm =15^. V=0=zero speed. 1 = 0= zero inclination. 
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Pig. 22 





Fig. 25 

Pigs. 24 and 25 Siniultancous record of speed (l) and inclination (2) of 

an air current talien near l;l6denino .Oct. 21, 1925. In 
Pig. 24 the instraments were 1 ra and for Pig. 25,10 m aoove the ground. 
Film speed, 1 sec. = S nim. Scale of speed, 15 mm per 2.4 m/s. Scale of 
inclination 0.95 mm = 1^. V = 0 = zero speed. 1=0= zero inclination. 




Pig. 26 



Pig. 26 Record of inclination I and of angular velocity of a 10-12 m/ s 
IT.OT wind at 5 m a"bove the ground. Location, Marignane Oct. 24, 
1927. Scale of inclination, 1 ram = 1^. Scale of angular velocity, 1 mm 
12o/s 
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Figs. 27,28,29,30,51 




?ig. 27 Simultaneous records of speed V and inclination I and their 

derivatives Y and O) for a IT IT W wind, Ivlarignane, Oct. 25 1927 
30 m alDove the ground. Scale of speed, 0.75 mm = 1 m/s. Scale of in- 
clina.tion,l mm = 1^. Scale of acceleration, 1 mm = 5 m s/s'". Scale of 
angular velocity, 1 mm = 12 ^/s. 
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Fig. 30 Actual values of the resultant T representing the vector 

■ acceleration of the turbulence u as well as its direction 
for UxO IT H W v/ind at :vlaric:';nane of ?ig. 26. 
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